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Introduction





This project builds on the previous work of Dr. James Lockey et al. investigating possible effects of exposures to dust containing Libby Amphiboles at a plant in Marysville, OH.1,2  The data used in the original exposure reconstruction and as reported in the published manuscripts, was based on the exposures measurements available at that time.1  This exposure reconstruction is based on approximately five times additional occupational fiber exposure data than was previously utilized in 1980.  These exposure measurements were recently obtained by the US Environmental Protection Agency (EPA) from the company and through trial transcripts from the United States of America vs. WR Grace, et al., as well as the archived data used in the 1980 exposure reconstruction.  





DESCRIPTION OF THE EXPOSURE SETTING





Briefly describe O.M Scott facility and use of vermiculite. Describe departments and jobs. 


Similar to what is in Main Text Section 4.1.3 of the main text, but with some added detail





[bookmark: _GoBack]Insert text on engineering controls.





Data searches, requests, and document selection


Three sources of paper records were identified.  First, sampling reports from OM Scott that included measurements at the facility pre and post1980 were received via the EPA.  These reports contained both measurement results and information about the plant.  OM Scott was also contacted with a request for available maps of the plant layout prior to 1980.  Secondly, archived files from the Lockey et al. (1984) study were identified.  Lastly, as a result of the recent WR Grace trial, there was additional discovery of material relevant to the OM Scott plant.  The Department of Justice (DOJ) was contacted for the release of these data.  There were seven 4” binders available for review and every page (approximately 3,150 pages) was scanned visually to identify pages relevant to the current project.  Aspects of particular interest included the manufacturing process, usage and source of raw materials, engineering and design changes in the plant, work practices and exposure assessment methodology.  Approval was received from the DOJ to utilize the relevant data for this project. 





Document evaluation, data entry (qualitative and quantitative), cleaning, editing and standardization


All of the recordsboth the qualitative and quantitativewere reviewed in this second phase. 





Qualitative Information


Written reports, letters, memos and notes contained background information on plant operations.  A total of 1,489 pages were read for potentially useful and pertinent information regarding OM Scott and abstracted into a data file.  From these records, we obtained:








· Plant layout, including changes over time.  This allowed us to associate the descriptions used on air sampling data forms/reports with jobs or departments within the plant.  A limited number of aerial images were available to identify major structures.


· Process descriptions were derived including workers per shift, workers per department, sources of raw materials, and raw material volume in number of railroad cars received, tonnage of railroad cars from Libby and South Carolina, and tonnage of unexpanded vermiculite received.  


· For each department a list of job titles and tasks. 








Gaps in understanding were filledin with information gathered from the focus groups, specifically regarding: 








· Plant layout and changes over time, including engineering controls.


· Historical pattern of job rotations within department from 1957 to 1980. 


· Time spent in work locations at the plant site.


· Overtime associated with departments and season.


· Use/nonuse of respirators.





Quantitative Data


Air sampling reports include quantitative measurement of airborne dust and fiber concentration associated with a department job.  These records were computerized following the data entry scheme provided on June 1, 2009 and approved.  Records were double entered and verified.


Two identical Microsoft Access databases were created for initial and duplicate entry of the quantitative data.  Each individual performing data entry had a unique and separate database to avoid possible data entry confusion.  Variables to be entered have been previously provided.  A random 10% check of entered data was conducted throughout the data entry process to maintain quality of data, to address data entry questions and to resolve potential database issues.  Data entry differences were below 5% throughout the entry process.  


Each record was assigned a document and record identification (ID) number.  The document ID variable was based on data source.  For example, if the data were provided by the EPA from OM Scott then the EPA document ID was used.  Data hardcopies from the EPA, Department of Justice and 1980 UC data were each numbered starting from 1.  The document ID variable states EPA, DOJ or UC followed by the document number.  Record IDs were generated by using a unique identifier like a sample number for each document.  If a unique identifier was unable to be discerned then the entry personnel was instructed to consecutively number each sample per document starting from 1.


A final verification of data entry used SAS version 9.2 PROC COMPARE to import the initial and duplicate Access tables.  Discrepancies were below 5% as a result of the 10% random checks throughout the entry process.  All discrepancies were addressed by reviewing the original document.  The initial and duplicate Access databases were archived.  A copy of the initial database was converted to Microsoft Excel format for ease of standardization and analyses.





Process of Standardization


The standardization process included categorizing entered data into appropriate variable fields, spell checking, identifying duplicate record entry from duplicate documents, merging records for the same sample or measurement, evaluating data for completeness and categorizing groups of data based on type of sample or measurement.


Data were reviewed and edited to ensure the information was entered into the appropriate data field.  A frequency of the data fields using SAS 9.2 PROC FREQ identified spelling differences and patterns to ensure correct labeling of the data.  Additional data variables were created depending on recognized need to distinguish important pieces of data.  


A new variable called group ID was created to identify, track and consolidate partial and/or complete duplicate data into one unique sample.   Partial data were identified on a combination of sample date, sample record ID, sample result, volume, sampling time and/or document patterns.  A document pattern would include instances where only a group of sample results were available in one document and another document(s) would match the exact sequence of sample results.


Data were further categorized based on the type of sample.  Categories include dust samples, bulk samples, personal and area fiber samples, limit of detection (LOD) or quantification (LOQ) samples, offsite locations, and time weighted average samples.  Some samples were collected with a direct reading fibrous aerosol monitor, but these were not used as there was no calibration information included in the records.  Thus, only the fiber count data collected with a sampling pump were used.  In addition, group IDs lacking a sample result, sample year or department were excluded.


Personal and area samples were plotted by year and department and found to be visually similar.  In addition the range, means, and standard deviations were approximately equal.  Therefore, personal and area sample data sets were merged and both utilized for the development of the Exposure Matrix.  Group IDs with only LOD or LOQ values were grouped by year and categorized as trionize or background.  In order to assign an estimate for the LOD or LOQ the median value of each group was divided by two and assigned to all samples in that group.  Given the small number of LOD and LOQ samples (n=35), it is unlikely any detectable bias was introduced using this method.  Time weighted average (TWA) values were not utilized when the individual measurements that comprised the TWA were already available.


Sample analysis did not specify the type of fibers identified in the fiber counts.  Counting rules used included any fiber with the proper dimensions and not specifically Libby Amphibole fibers.  Attempts in other studies to convert from total dust to fiber count have relied on similarities in equipment or process where sidebyside samples were collected.  We did not identify any ‘pairs’ of dust/fiber data from this plant.  Moreover, fibers are a minor component of the dust exposure, limiting an ability to find a relationship over time.  Therefore, total dust measurements were not converted to fiber counts and were not used as part of the fiber exposure estimation. 





OVERVIEW OF THE EXPOSURE DATA





Sampling and Analysis Methods





Insert description of methods used to collect IH data.  Give counting rules (Length greater than 5 μm, Thickness less than 3 μm, Aspect ratio (length / thickness) of 3:1 or more) and describe limitations (Because PCM does not distinguish between different types of asbestos, or between asbestos and non-asbestos fibers, the concentrations reported are not specific to asbestiform minerals, but may also include other mineral or non-mineral fibers).  Describe if sampling was area sampling or personal sampling (if known)


.


Note...main text Section 4.1.3  refers to SEM and TEM...need to clarify the apparent discrepancy





Summary Statistics





As described earlier, the data used for exposure reconstruction was obtained from three sources: UC archived records (reported previously by Lockey et al.), information obtained by the EPA from the company, and from the DOJ documents.  Table F-1 shows that a total of 914 IH fiber measurements were available for this analysis.  Of this total, only 180 (19.6%) of the IH fiber measurements were available from the UC archived records.   The yearly number of samples collected was not uniform.  As shown in Table F-2, the first fiber count measurements were available in 1972 and the last in 1994.  About 26% of the samples were collected in 1978.  Focus group participants reported working in the summer.  Summer activities, however, involved fewer work hours and included cleanup and repair activities in addition to production.  Since less than 6% of the fiber samples were collected during the summer months, no seasonal trend analysis was possible.  





Table F1  Industrial hygiene fiber measurements by document source


(Update this table)





			Document source


			Trionize


			Background


			Total (%)





			DOJ


			38


			0


			38 (4.16)





			EPA


			398


			122


			520 (56.89)





			UC


			135


			45


			180(19.69)





			COMBINED


			172


			4


			176(19.26)





			Total (%)


			743 (81.29)


			171 (18.71)


			914

















This document is a draft for review purposes only and does not constitute Agency policy.
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Table F2.  Industrial hygiene fiber measurements by department and year


REPLACE WITH TABLE THAT GIVES COUNT STRATIFIED BY JOB, BOTH FOR TRIONIZING AND BACKGROUND....similar to tables in revised section prepared by EPA on arithmetic mean approach.





			Dept.


			1972


			1973


			1975


			1976


			1977


			1978


			1979


			1980


			1981


			1982


			1983


			1984


			1985


			1986


			1987


			1988


			1993


			1994


			Total
(Dept. %)





			Background


			3


			0


			2


			0


			10


			54


			2


			0


			12


			7


			3


			11


			5


			23


			13


			16


			0


			10


			171
(18.71)





			Trionize


			9


			40


			20


			115


			68


			183


			26


			23


			38


			24


			8


			27


			14


			52


			33


			31


			3


			29


			743
(81.29)





			Total 


			12


			40


			22


			115


			78


			237


			28


			23


			50


			31


			11


			38


			19


			75


			46


			47


			3


			39


			914





			(Year %)


			(1.31)


			(4.38)


			(2.41)


			(12.58)


			(8.53)


			(25.93)


			(3.06)


			(2.52)


			(5.47)


			(3.39)


			(1.20)


			(4.16)


			(2.08)


			(8.21)


			(5.03)


			(5.14)


			(0.33)


			(4.27)


			(100.00)











Dept. = department.
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[bookmark: RANGE!A1:D18]Data Review and Assessment





INSERT:  evaluation and discussion of concentration vs sampling duration issue, and decision not to make any adjustments.


Other topics ??


Time trends?


Exclusion of outliers ?








DeRIVATION OF THE JOB EXPOSURE MATRIX





Insert revised text for old section F4 here.  This includes the original Section Fr 4 on the log-transformed approach, plus new text that describes EPA’s AM-based approach





Development of a cumulative human equivalent exposure concentration





Insert revised text for old section F5 here, using corrected equations for calculating CHEEC





Strengths and Limitations:


There are major strengths in this exposure reconstruction project:





1. Data were gathered from court records, federal sources and archived files, totaling over 3,000 pages.  These data were reviewed and both qualitative and quantitative data were abstracted to aid in this reconstruction.


2. Approximately five times more fiber measurements became available than had been used in the original studies. 


3. Two focus groups were conducted in 2010 with long term workers who provided input regarding exposure and production process changes.


4. There were sufficient data available to examine exposure intensity over time for jobs within the trionizing department as well as for other departments.  These data enhanced exposure estimates for all departments from 1972 to 1994.


5. IH data were available allowing for comparisons of fiber counts when 100% Libby or 100% South Carolina vermiculite was used in order to calculate a ratio of fibers in each.  


6. There were data available from archived records, Scott memos, and worker information that allowed for exposure estimates to be adjusted for type of vermiculite used from 1957 until 1971 when no IH data were available.


7. Worker report data were available that provided documentation for increased dustiness before IH data were available, compared with years when measurements were available. 


8. Based on past and current data gathered in the focus group, exposures were adjusted to account for seasonal work schedules by departments.


9. All decisions based on level of exposure by year were data driven.





The limitations for this project are also recognized:








1. The exposure metric used (fibers/cc) results from an analytical method that is a count of fibers (defined as any viewed elongated particle in excess of 5 µm in length and with a length to width ratio of 3:1) collected on a filter and viewed at 400x with light microscopy.  The composition of the fiber is not known.  Also, a fiber with diameter less than a limit of resolution of 0.2 µm cannot be viewed with this method.


2. It is unknown if other sampling results exist.  If any are found in the future, these can be incorporated into a future exposure assessment. 


3. Some dusty activities may not have been sampled or rarely sampled e.g., summer cleanup.  We have no way of estimating the effect of these activities on overall exposure estimates.  


4. We did not reduce exposure estimates due to possible use of respiratory protection.  Substantially more documentation regarding enforced usage, fit testing and cleaning/storage protocols would be needed for meaningful reduction in exposure estimates.  


5. By combining all individual trionizing job duties into one department exposure, the nonexpander trionizing exposure estimates may have been overestimated as there were more expander measurements, and these were somewhat higher than for other job duties.


6. From 1980 forward, Libby vermiculite was not used.  Thus for any individual year during this period, exposure from a qualitative and quantitative perspective does not reflect Libby Amphibole exposure.


7. Seasonal work schedule adjustments were based on recall of focus group participants and may over or under estimate true durations and location of additional work hours. 
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[bookmark: RANGE!A1:D18]F6.	DEVELOPMENT OF THE JOB EXPOSURE MATRIX





F6.1	General Strategy





A job exposure matrix (JEM) is a table that provides estimated exposure levels in air (f/cc) for workers in each job for each year.  The exposure interval of interest for the Marysville worker cohort begins in 1957 when vermiculite was first used in the plant, and extends to 2000 when vermiculite usage ended.





Industrial hygiene samples that provide data on fiber levels in workplace air were first collected in 1972, and air sampling at the plant continued intermittently through 1994.  Because measurements of fibers in the air are available only for the central portion (1972-1994) of the exposure interval of interest (1957-2000), the JEM was constructed in two steps:





Step 1:  Industrial hygiene data collected between 1972 and 1994 were utilized to derive estimates of yearly average concentrations by job during this interval.  Exposure levels in 1994 that were derived from industrial hygiene data were assumed to remain constant until 2000.





Step 2:  Information available from plant records and worker focus groups was used to estimate concentrations from 1957 to 1971 by extrapolation from 1972 values





Two alternative strategies were used to construct JEMs.  The first strategy, implemented by the University of Cincinnati, was based on the log-transformed data, and the exposure metric provided in the JEM was the geometric mean exposure concentration (Borton et al 2012).  The second approach, implemented by EPA working in consultation with the University of Cincinnati, utilized the un-transformed data, and the exposure metric provided in the JEM was the arithmetic mean exposure concentration.  The details of these two approaches are provided below.





F6.2	Derivation of a JEM Based on Log-Transformed Data





INSERT original UC section F4 here.


Presumably in its entirety, but editing may be done as UC sees fit.


Renumber heading, table and figures as needed





F6.3	Derivation of a JEM Based on Un-Transformed Data





The basic approach used by EPA for deriving a JEM based on the un-transformed data was generally similar to that used for the log-transformed data, with the following exceptions:





· Non-detects were assigned a value of zero rather than the detection limit (Cameron and Pravin 2007, Haas et al. 1999, EPA 1999, EPA 2008)


· The IH data were fit to mathematical models to characterize time trends, rather than using interpolation between “index years”


· Indoor trionizing jobs were modeled individually rather than combining into one data set


· Duplicate samples from the trionizing department not previously recognized were identified and removed





The details of this approach are described below.





F6.3.1	Fitting Available Industrial Hygiene Data from 1972-1994 





Trionizing Department Data





As noted previously, industrial hygiene data collected in the trionizing department between 1972 and 1994 were classified as being associated with nine different types of jobs (blender, cleanup, dryer, expander, feeder, mill, resin, track other, and track unload).  Table F6.1 provides summary statistics for these trionizing jobs.





[bookmark: _GoBack]Renumber all tables and figures as needed


Table F6.1  Summary Statistics for Trionizing Jobs


			Job


			1972-1975


			1976-1980


			1981-1984


			1985-1990


			1991-1994





			


			N


			Avg


			Max


			N


			Avg


			Max


			N


			Avg


			Max


			N


			Avg


			Max


			N


			Avg


			Max





			Blender


			0


			--


			--


			24


			0.18


			1.17


			3


			0.01


			0.02


			0


			--


			--


			0


			--


			--





			Cleanup


			1


			5.30


			5.30


			52


			0.75


			10.53


			3


			0.02


			0.05


			0


			--


			--


			0


			--


			--





			Dryer


			2


			1.15


			2.10


			6


			0.06


			0.18


			11


			0.05


			0.11


			27


			0.02


			0.09


			0


			--


			--





			Expander


			64


			5.72


			59.3


			157


			1.56


			48.0


			24


			0.06


			0.23


			23


			0.04


			0.09


			8


			0.06


			0.17





			Feeder


			0


			--


			--


			23


			5.96


			50.2


			5


			0.03


			0.10


			1


			0.01


			0.01


			3


			0.07


			0.10





			Mill


			0


			--


			--


			39


			0.62


			6.07


			13


			0.05


			0.10


			18


			0.04


			0.36


			7


			0.07


			0.20





			Resin


			0


			--


			--


			13


			0.07


			0.19


			12


			0.05


			0.17


			3


			0.01


			0.01


			0


			--


			--





			Track (other)


			0


			--


			--


			33


			0.12


			1.46


			18


			0.03


			0.13


			37


			0.06


			1.51


			14


			0.06


			0.22





			Track Unload


			2


			3.50


			5.20


			53


			17.2


			245.


			22


			9.05


			35.8


			7


			1.14


			2.09


			0


			--


			--











As indicated, mean exposure levels vary between jobs, and also tend to decrease over time.  Because there are insufficient data to calculate a reliable estimate of the arithmetic mean exposure level for each job for each year, the data for each job were fit to a mathematical model to characterize the rate of change over time.  Several different modeling approaches were evaluated, as described below.  





Fitting Method 1:  local regression (LOESS)





To investigate the form of the regression curve relating sample concentrations to date of sample, a flexible non-parametric fitting method was implemented by the SAS procedure PROC LOESS (SAS for Windows, Version 9.3).  This method was implemented by sequentially fitting quadratic functions of time to subsets of concentration values surrounding each observed concentration value, and then drawing a smooth curve through the fitted values.  Data points within these subsets were weighted by a decreasing function of their distance from the value being fitted.  A smoothing parameter determined the percent of fiber values included in each subset and was constant across all subsets. The optimum smoothing parameter was determined by a grid search, in order to identify the value that minimized the Akaike Information Criterion with Correction (AICC), a criteria for determining model fit.





However, the results were quite erratic with large variability (see Figure F6.1).  This variability was judged to be related to variations in the amount of data available over various time spans rather than to authentic variations in concentration.  On this basis, the LOESS approach was not pursued further. 





Fitting Method 2:  Exponential Models with Job-Specific Slopes





The second fitting method that was evaluated assumed a nonlinear regression model to describe the relationship between fiber concentrations and time. At time t, it was assumed that    





C(t)= μ(t) + et





where μ(t) = mean of C(t) at time t, and et is a normally distributed error term with mean 0.





A two parameter exponential function was assumed to characterize mean fiber concentration at time t:





μ(t) = a ∙ exp (-b ∙ t)	 a>0, b>0





The intercept parameter (a) and the slope parameter (b) were expressed in terms of exponentiated functions [a = exp(a0), b = exp(b0)] to guarantee that a, b, and μ(t) could only take on positive values.  Time t was coded as number of years from 1/1/1970 (an arbitrary frame of reference) to the date of sampling to facilitate model convergence.





When the data were grouped by job and by year, a plot of variance versus mean concentration revealed that variance between samples tended to increase as mean concentration increased.  Consequently, the variance of the error term was assumed to be non-constant and was modeled as a power function (θ) of the mean fiber concentration at time t, multiplied by a scale parameter σ2 which reflects the overall level of precision in C(t) (similar to σ2 in ordinary linear regression):





Var{C(t)}= σ2 . μ(t)θ  





The parameters in the regression model were estimated by iteratively reweighted least squares (IRWLS).  The parameter θ in the variance model was estimated by manual grid searches, where powers between 0.1 and 2 were tried.  Sensitivity analyses were performed in which θ was altered when the final model regression was determined.  The power of θ=1 allowed model convergence for all trionizing jobs.  After model parameters were estimated, σ2 was estimated by calculating the mean-squared error (MSE), equal to the weighted sum of squared deviations of observed minus mean concentrations, divided by the sample size minus number of parameters (=2 for this model). The weights were equal to the inverse of mean concentration to the power θ at each time.  Analyses were implemented using the SAS procedure PROC NLIN (SAS for Windows, Version 9.3).  





When each job was fit individually, most yielded reasonable fits (see Figure F6-2).  However, cleanup and blender yielded fits in which predicted concentrations for 1972-1973 were substantially higher than could be justified with known information about the manufacturing process.  These results were judged to be due mainly to the absence of data in the early time frame (1972-1973), and were considered to be unreliable.  On this basis, this approach (use of independent parameters for each job) was not pursued further.





Fitting Method 3:  Exponential Models with Common Slopes for Grouped Jobs





In order to avoid the unrealistic results generated when each job was allowed to have a separate slope term, a strategy of grouping jobs expected to show a similar rate of decline in airborne fiber levels was employed to obtain more reliable and realistic fits.  Based on the expectation that the rate of decline in average exposure level was likely to be similar for trionizing jobs in the same general area, the trionizing jobs were grouped into two categories: jobs located inside the trionizing building (indoor trionizing jobs) and jobs located in the railroad yard (outdoor trionizing jobs).  Indoor jobs included blender, cleanup, dryer, expander, feeder, mill, and resin, while outdoor jobs included track unload and track other.





For each group, the data were fit to the model, requiring the slope parameter (b) to be the same for all jobs within the same group.  Results are displayed in Figure F6-3.





Fitting Method 4:  Segmented Exponential Models





The fourth approach that was tested was similar to the third approach, except that the data were divided into two or three time segments, with different exponential curves fit to each segment.  This approach was based on the expectation that the rate of decline in average exposure levels in the trionizing department was related to the timing and effectiveness of various engineering controls.  As discussed previously (see Section xx), a number of different engineering controls were installed over time, with the largest decreases in dust level tending to occur in the 1976 to 1980 time frame.  After 1980, Libby vermiculite was no longer used, and exposure levels tended to be low and relatively constant.  Based on this, for indoor trionizing jobs, the data were fit using a three-segment approach, with the time segments being defines as follows:





	Segment 1:  Prior to 1/1/1976


	Segment 2:  1/1/1976 to 12/31/1980


	Segment 3:  1/1/1981 and after





As noted previously, it is not expected that engineering controls installed to reduce indoor exposures in the trionizing department would have significant impact on the outdoor exposure levels, so outdoor trionizing jobs (track other and track unload) were fit to a two-segment model, with the break point between segments occurring at 1/1/1981, when Libby vermiculite was no longer used.  Results are shown in Figure F6-4.


 


Selection of the Preferred Fitting Approach





In choosing between fitting Strategy 3 and fitting Strategy 4, two factors were considered:  statistical accuracy of the fitted model, and consistency with the general understanding of the impact of engineering controls.





The accuracy of the estimation model was determined by calculating the mean squared error (MSE), where MSE was calculated as the sum of the squared derivations between observed and predicted values (SSE) divided by n-p, where n is the number of data points and p is the number of model parameters.  For both indoor and outdoor jobs, the segmented approach was more accurate than the un-segmented approach (Strategy 3), as shown in table F6.2:





Table F6.2.  Fitting Statistics for Trionizing Jobs


			Data Set


			No. of Segments


			MSE





			Indoor


			1


			5.80





			trionizing


			3


			5.08





			Outdoor


			1


			33.6





			trionizing


			2


			31.5











In addition, a segmental approach was also used by the University of Cincinnati for fitting the log-transformed data, and this approach is consistent with the available information regarding the implementation and effectiveness of various dust control techniques in the trionizing department.  For these reasons, the segmented fits were selected for use in calculation of the arithmetic mean based JEM for trionizing jobs.  Model parameters and confidence intervals for the preferred models are shown in Table F6.3.





Table F6.3.  Best Fit Parameter Values for Trionizing Jobs


			Parameter


			Blender


			Cleanup


			Drier


			Expander


			Feeder


			Mill


			Resin


			Track Other


			Track Unload





			b0 (segment 1)


			5.693


			8.808


			2.563


			12.378


			53.640


			21.704


			5.779


			2.425


			240.615





			b0 (segment 2)


			434.1


			672


			195


			944


			4090


			1655


			441


			0.110


			10.952





			b0 (segment 3)


			0.017


			0.026


			0.007


			0.036


			0.156


			0.063


			0.017


			--


			--





			b1 (segment 1)


			0.202


			0.202


			0.202


			0.202


			0.202


			0.202


			0.202


			0.282


			0.282





			b2 (segment 2)


			0.925


			0.925


			0.925


			0.925


			0.925


			0.925


			0.925


			0.001


			0.001





			b3 (segment 3)


			0.00001


			0.00001


			0.00001


			0.00001


			0.00001


			0.00001


			0.00001


			--


			--











Calculation of Job-Weighted Average Exposure Within the Trionizing Department





As discussed previously (see Section xxx), workers in the trionizing department rotated between jobs, spending approximately equal amounts of time in each job during each work cycle, including equal time at each of the two dryer locations.  When working at the outdoor track job, about 25% of the time was spent at track unload, and 75% was spent at track (other).  Based on this, the following, job-weighting factors (JWFs) were computed:





Table F6.4  Job-Weighting Factors for Trionizing Department Workers


			Indoor


			Outdoor





			Blender


			Cleanup


			Dryer


			Expander


			Feeder


			Mill


			Resin


			Track Other


			Track Unload





			0.111


			0.111


			0.222


			0.111


			0.111


			0.111


			0.111


			0.083


			0.028











The job-weighted average exposure across all jobs (j) for each year (t) in the trionizing department was then calculated as:





Job-Weighted average (t) = 





where C(j,t) = exposure concentration while working at job “j” in year “t”.





Data for Other Departments (“Background”)





As discussed previously, industrial hygiene measurements in locations where only expanded vermiculite or no vermiculite was used were defined as having “plant background” exposure.  These included measurements in polyform, office, research, pilot plant, warehouse, and packaging.  In addition, this included central maintenance and plant maintenance activities in areas outside the trionizing department.  A total of 171 industrial hygiene samples were collected in these non-trionizing departments/jobs between 1972 and 1994.  Summary statistics for these samples are summarized in Table F6.5:





Table F6.5.  Summary Statistics for Industrial Hygiene Data (PCM f/cc) for Background Jobs


[image: ]





Of these samples, one (a value of 4.03 f/cc measured in the lab, indicated by shading in Table F6.5) was excluded as an outlier, since it was more than 10-fold higher than any other sample in the background data set.  After exclusion of this one sample, all other measurements of fiber in air from these departments tended to be relatively low, with little distinction among departments.  Therefore, data for all background jobs were combined and fit as a single data set.  





Both the non-segmented and two-segment exponential fitting strategies were tested for the background data set.  Of these, the two-segment exponential was selected as being most appropriate because the mean square error was lower than for the non-segmented model:





Table F6.6.  Fitting Statistics for Background Jobs


			Data Set


			No. of Segments


			MSE





			Background


			1


			0.020





			


			2


			0.018











Figure F6-5 shows the two-segment exponential fit for the background data set.





F6.3.2	Estimation of Exposure Levels from 1957 to 1971 





Extrapolation of model-predicted exposure concentrations in 1972 backwards in time to earlier years was performed as described previously (see Section F6.2.x).  In brief, the extrapolation was based on a consideration of relative dust levels as well as the relative amounts of vermiculite from Libby or South Carolina, and the relative asbestos content of these types of vermiculite.  The basic equation used for extrapolation is as follows:








where:





	Cy = 	Extrapolated concentration of fiber in year y


C1972 = Estimated concentration of fiber in 1972


Dust ratio = estimated ratio of vermiculite dust in air in year y compared to 1972


FL = 	Fraction of vermiculite derived from Libby in year y


FSC = 	Fraction of vermiculite derived from South Carolina in year y


k =	Estimated relative concentration of fiber in South Carolina vermiculite compared to Libby vermiculite





As discussed previously, for the indoor trionizing jobs, the dust ratio in 1967 was assumed to be twice as high as in 1972, decreasing linearly over this time window.  For all background and track jobs, the dust ratio was assumed to be 1:1.  Data on the relative amounts of vermiculite from Libby and South Carolina were derived from company records (see Table F6-x, above), and the relative asbestos content of Libby vermiculite to South Carolina vermiculite was estimated to be 10:1.  Based on these values and estimates, extrapolation factors were calculated as summarized in Table F6.7:





Table F6.7  Extrapolation Factors for 1957-1972


[image: ]





F6.3.3	JEM Based on Untransformed Data 





As described above, IH measurements from the plant were used to estimate yearly arithmetic mean exposure levels in the trionizing department and in all other departments (background) from 1957 to 2000.  Table F6.8 provides the job-exposure matrix developed using this methodology.






Table F6.8  JEM Based on Arithmetic Mean Values


			Year


			Trionizing (a)


			Plant Maint. (b)


			Central Maint. (c)


			Background (d)





			


			


			


			


			





			1957


			1.858


			0.941


			0.207


			0.024





			1958


			1.858


			0.941


			0.207


			0.024





			1959


			7.209


			3.650


			0.803


			0.092





			1960


			7.209


			3.650


			0.803


			0.092





			1961


			7.209


			3.650


			0.803


			0.092





			1962


			7.209


			3.650


			0.803


			0.092





			1963


			7.209


			3.650


			0.803


			0.092





			1964


			11.390


			5.767


			1.269


			0.145





			1965


			14.065


			7.122


			1.567


			0.179





			1966


			17.243


			8.731


			1.921


			0.219





			1967


			16.406


			8.307


			1.828


			0.208





			1968


			13.838


			7.015


			1.556


			0.191





			1969


			13.028


			6.613


			1.481


			0.198





			1970


			12.767


			6.491


			1.470


			0.215





			1971


			11.950


			6.088


			1.398


			0.225





			1972


			10.996


			5.616


			1.312


			0.236





			1973


			8.719


			4.447


			1.029


			0.175





			1974


			6.963


			3.547


			0.813


			0.130





			1975


			5.568


			2.832


			0.644


			0.097





			1976


			3.538


			1.805


			0.419


			0.073





			1977


			1.788


			0.921


			0.227


			0.054





			1978


			1.006


			0.523


			0.137


			0.040





			1979


			0.623


			0.326


			0.089


			0.030





			1980


			0.418


			0.220


			0.062


			0.022





			1981


			0.344


			0.182


			0.052


			0.019





			1982


			0.344


			0.181


			0.051


			0.019





			1983


			0.343


			0.181


			      -- (e)


			0.019





			1984


			0.345


			0.182


			--


			0.018





			1985


			0.343


			0.180


			--


			0.018





			1986


			0.342


			0.180


			--


			0.018





			1987


			0.342


			0.180


			--


			0.018





			1988


			0.344


			0.181


			--


			0.017





			1989


			0.342


			0.179


			--


			0.017





			1990


			0.341


			0.179


			--


			0.017





			1991


			0.341


			0.179


			--


			0.017





			1992


			0.343


			0.180


			--


			0.017





			1993


			0.340


			0.178


			--


			0.016





			1994


			0.340


			0.178


			--


			0.016





			1995-2000


			0.340


			0.178


			--


			0.016





			


			


			


			


			





			(a) Job-weighted average


(b) Plant maintenance workers were assumed to be exposed 50% of the time in the trionizing department and 50% of the time in background locations.


(c) Central maintenance workers were assumed to be exposed 10% of the time in the trionizing department and 90% of the time in background locations


(d) Bkg. includes pilot plant, research, polyform, office, packaging, warehouse





			(e)  Beginning in 1983, central maintenance was outsourced


			














F6.4	Selection of the Preferred JEM





In occupational epidemiology and industrial health studies, evaluations of worker exposure are often based on estimates of the geometric mean exposure concentration (Seixas 1988).  However, EPA traditionally employs the arithmetic mean exposure level in computing exposure and risk (add references), and toxicity values employed by EPA in risk quantification are based on arithmetic mean exposures.  For this reason, EPA determined that the JEM based on un-transformed data (as described in Section F6.3) is the most appropriate for use in calculating cumulative worker exposure, as described in the following section, and for use in deriving the RfC.
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F7. Development of a cumulative human equivalent exposure concentration  


F7.1	Overview


In most occupational studies of worker exposure to asbestos, cumulative exposure is expressed in units of f/cc-yrs, which is calculated as the product of average exposure concentration at work (f/cc) and the number of years at work.  Implicit in this calculation is the understanding that workers work 8 hours per day and 5 days per week.  To convert the cumulative exposure value for a worker to one that is applicable to an individual with continuous exposure, and to account for differences in breathing rate (10 m3 per 8 hr workday = 1.25 m3/hr in the occupational setting vs 20 m3/day = 0.8333 m3/hr in the non-workplace setting), the occupational cumulative exposure value is usually adjusted (multiplied) by the following factor (US EPA 1994, IRIS 2012):








In the case of the Marysville cohort, a more complex adjustment is needed to convert from workplace exposure to continuous exposure because employees at the Marysville plant often worked extended work schedules, both in terms of hours per day and days per week, and these schedules depended on the time of year (season), due to seasonal variations in product demand.


F7.2	Seasonal schedule adjustment factors 


Based on an understanding of plant operations, six departments were identified that had a unique set of season-specific exposure parameters (hrs/day, days per season):


1. Trionizing (including track and track unload)


2. Plant maintenance


3. Central maintenance


4. Polyform


5. Background (office, research, pilot plant)


6. Background with extra time (warehouse, packaging)


For each worker, the date of any job change between these six departments was adjusted so the change occurred at the starting month for the nearest season. 


For each of these departments, a seasonal adjustment factor was calculated using the following general equation:


	



where:


	ETd,i = exposure time (hrs/day) in department “d” during season “i”


EDd,i = Number of days worked in department “d” during season “i”


Ni = Number of days in season “i”


Department-specific and season-specific values of ET, ED and N are provided below, along with the corresponding seasonal adjustment factors.





Trionizing, plant maintenance, polyform, warehouse, and packaging


Spring  


Season = January 1 to May 31


N = 151.25 days (includes 0.25 days to account for leap years)


Work schedule = 7 days/week, 12 hrs/day, with New Years’ Day off


ED = 151.25 – 1 = 150.25


ET = 12 hrs/day


Seasonal adj. factor = (1.25 / 0.8333) * [12/24 * 150.25/151.25] = 0.7450


Summer


Season = June 1 to August 31


N = 92 days


Work schedule = 5 days/week, 8 hrs/day, with 2 week summer vacation


ED =  92 * 5/7 - 10 = 55.71 days


ET = 8 hours/day


Seasonal adj, factor = (1.25 / 0.8333) * [8/24 * 55.71/92] = 0.3028


Fall


Season = September 1 to December 31


N = 122 days


Work schedule = 5 days/week, 12 hrs/day plus 2 days/week, 8 hrs/day, with Christmas Day off


ED1 = 121 days * 5/7 = 86.43 days


ET1 = 12 hours/day


ED2 = 121 * 2/7 = 34.57 days


ET2 = 8 hours/day


Seasonal adj. factor = (1.25 / 0.8333) * [12/24*86.43 + 8/24*34.57]/122 = 0.6730





Office, pilot plant, research, and central maintenance 


Spring


Season = January 1 to May 31


N = 151.25


Work schedule = 5 days/week, 8 hrs/day, with New Years’ Day off


ED = 150.25 days * 5/7 = 107.32 days


ET = 8 hours/day


Seasonal adj. factor = (1.25 / 0.8333) * [8/24 * 107.32/151.25] = 0.3548


Summer


Season = June 1 to August 31


N = 92 days


Work schedule = 5 days/week, 8 hrs/day, with 2 week summer vacation


ED = (92 -14) * 5/7 = 55.71 days


ET = 8 hours/day


Seasonal adj. factor = (1.25 / 0.8333) * [8/24 * 55.71/92] = 0.3028


Fall


Season = September 1 to December 31


N = 122 days


Work schedule = 5 days/week, 8 hrs/day, with Christmas Day off


ED = (122 – 1) * 5/7 = 86.43


ET1 = 8 hours/day


Season adj. factor = (1.25 / 0.8333) * [8/24 * 86.43/122] = 0.3542





F7.3 	Calculation of cumulative human equivalent exposure concentration


Given the department-specific seasonal adjustment factors, the cumulative human equivalent exposure concentration (CHEEC) for each worker is calculated as follows:





where Cd,i is the concentration of fibers in air in department “d” where the worker worked during season “i”, and the sum is calculated across each season that the worker is exposed. 


[bookmark: _GoBack]F7.4 	Verification of the Calculations


To verify the accuracy of the CHEEC calculations, several quality control checks were conducted.  The distribution was evaluated by reviewing the mean, median, standard deviation, highest 10 values, and lowest 10 values.  Several workers were also randomly selected and their values hand-calculated to ensure all programming was appropriate. 





1








  Marysville, OH Worker Occupational Exposure Reconstruction

The Development of a Cumulative Human Equivalent Exposure Concentration 









BY:

James E. Lockey, MD, MS

Carol Rice, PhD

Eric Borton, BS

Timothy Hilbert, MS

Grace LeMasters, PhD













University of Cincinnati
Department of Environmental Health
3223 Eden Ave., ML 0056
Cincinnati, OH 45267


Introduction



This project builds on the previous work of Dr. James Lockey et al. investigating possible effects of exposures to dust containing Libby Amphiboles at a plant in Marysville, OH.1,2  The data used in the original exposure reconstruction and as reported in the published manuscripts, was based on the exposures measurements available at that time.1  This exposure reconstruction is based on approximately five times additional occupational fiber exposure data than was previously utilized in 1980.  These exposure measurements were recently obtained by the US Environmental Protection Agency (EPA) from the company and through trial transcripts from the United States of America vs. WR Grace, et al., as well as the archived data used in the 1980 exposure reconstruction.  



DESCRIPTION OF THE EXPOSURE SETTING



Briefly describe O.M Scott facility and use of vermiculite. Describe departments and jobs. 

Similar to what is in Main Text Section 4.1.3 of the main text, but with some added detail



[bookmark: _GoBack]Insert text on engineering controls.



Data searches, requests, and document selection

Three sources of paper records were identified.  First, sampling reports from OM Scott that included measurements at the facility pre and post1980 were received via the EPA.  These reports contained both measurement results and information about the plant.  OM Scott was also contacted with a request for available maps of the plant layout prior to 1980.  Secondly, archived files from the Lockey et al. (1984) study were identified.  Lastly, as a result of the recent WR Grace trial, there was additional discovery of material relevant to the OM Scott plant.  The Department of Justice (DOJ) was contacted for the release of these data.  There were seven 4” binders available for review and every page (approximately 3,150 pages) was scanned visually to identify pages relevant to the current project.  Aspects of particular interest included the manufacturing process, usage and source of raw materials, engineering and design changes in the plant, work practices and exposure assessment methodology.  Approval was received from the DOJ to utilize the relevant data for this project. 



Document evaluation, data entry (qualitative and quantitative), cleaning, editing and standardization

All of the recordsboth the qualitative and quantitativewere reviewed in this second phase. 



Qualitative Information

Written reports, letters, memos and notes contained background information on plant operations.  A total of 1,489 pages were read for potentially useful and pertinent information regarding OM Scott and abstracted into a data file.  From these records, we obtained:





· Plant layout, including changes over time.  This allowed us to associate the descriptions used on air sampling data forms/reports with jobs or departments within the plant.  A limited number of aerial images were available to identify major structures.

· Process descriptions were derived including workers per shift, workers per department, sources of raw materials, and raw material volume in number of railroad cars received, tonnage of railroad cars from Libby and South Carolina, and tonnage of unexpanded vermiculite received.  

· For each department a list of job titles and tasks. 





Gaps in understanding were filledin with information gathered from the focus groups, specifically regarding: 





· Plant layout and changes over time, including engineering controls.

· Historical pattern of job rotations within department from 1957 to 1980. 

· Time spent in work locations at the plant site.

· Overtime associated with departments and season.

· Use/nonuse of respirators.



Quantitative Data

Air sampling reports include quantitative measurement of airborne dust and fiber concentration associated with a department job.  These records were computerized following the data entry scheme provided on June 1, 2009 and approved.  Records were double entered and verified.

Two identical Microsoft Access databases were created for initial and duplicate entry of the quantitative data.  Each individual performing data entry had a unique and separate database to avoid possible data entry confusion.  Variables to be entered have been previously provided.  A random 10% check of entered data was conducted throughout the data entry process to maintain quality of data, to address data entry questions and to resolve potential database issues.  Data entry differences were below 5% throughout the entry process.  

Each record was assigned a document and record identification (ID) number.  The document ID variable was based on data source.  For example, if the data were provided by the EPA from OM Scott then the EPA document ID was used.  Data hardcopies from the EPA, Department of Justice and 1980 UC data were each numbered starting from 1.  The document ID variable states EPA, DOJ or UC followed by the document number.  Record IDs were generated by using a unique identifier like a sample number for each document.  If a unique identifier was unable to be discerned then the entry personnel was instructed to consecutively number each sample per document starting from 1.

A final verification of data entry used SAS version 9.2 PROC COMPARE to import the initial and duplicate Access tables.  Discrepancies were below 5% as a result of the 10% random checks throughout the entry process.  All discrepancies were addressed by reviewing the original document.  The initial and duplicate Access databases were archived.  A copy of the initial database was converted to Microsoft Excel format for ease of standardization and analyses.



Process of Standardization

The standardization process included categorizing entered data into appropriate variable fields, spell checking, identifying duplicate record entry from duplicate documents, merging records for the same sample or measurement, evaluating data for completeness and categorizing groups of data based on type of sample or measurement.

Data were reviewed and edited to ensure the information was entered into the appropriate data field.  A frequency of the data fields using SAS 9.2 PROC FREQ identified spelling differences and patterns to ensure correct labeling of the data.  Additional data variables were created depending on recognized need to distinguish important pieces of data.  

A new variable called group ID was created to identify, track and consolidate partial and/or complete duplicate data into one unique sample.   Partial data were identified on a combination of sample date, sample record ID, sample result, volume, sampling time and/or document patterns.  A document pattern would include instances where only a group of sample results were available in one document and another document(s) would match the exact sequence of sample results.

Data were further categorized based on the type of sample.  Categories include dust samples, bulk samples, personal and area fiber samples, limit of detection (LOD) or quantification (LOQ) samples, offsite locations, and time weighted average samples.  Some samples were collected with a direct reading fibrous aerosol monitor, but these were not used as there was no calibration information included in the records.  Thus, only the fiber count data collected with a sampling pump were used.  In addition, group IDs lacking a sample result, sample year or department were excluded.

Personal and area samples were plotted by year and department and found to be visually similar.  In addition the range, means, and standard deviations were approximately equal.  Therefore, personal and area sample data sets were merged and both utilized for the development of the Exposure Matrix.  Group IDs with only LOD or LOQ values were grouped by year and categorized as trionize or background.  In order to assign an estimate for the LOD or LOQ the median value of each group was divided by two and assigned to all samples in that group.  Given the small number of LOD and LOQ samples (n=35), it is unlikely any detectable bias was introduced using this method.  Time weighted average (TWA) values were not utilized when the individual measurements that comprised the TWA were already available.

Sample analysis did not specify the type of fibers identified in the fiber counts.  Counting rules used included any fiber with the proper dimensions and not specifically Libby Amphibole fibers.  Attempts in other studies to convert from total dust to fiber count have relied on similarities in equipment or process where sidebyside samples were collected.  We did not identify any ‘pairs’ of dust/fiber data from this plant.  Moreover, fibers are a minor component of the dust exposure, limiting an ability to find a relationship over time.  Therefore, total dust measurements were not converted to fiber counts and were not used as part of the fiber exposure estimation. 



OVERVIEW OF THE EXPOSURE DATA



Sampling and Analysis Methods



Insert description of methods used to collect IH data.  Give counting rules (Length greater than 5 μm, Thickness less than 3 μm, Aspect ratio (length / thickness) of 3:1 or more) and describe limitations (Because PCM does not distinguish between different types of asbestos, or between asbestos and non-asbestos fibers, the concentrations reported are not specific to asbestiform minerals, but may also include other mineral or non-mineral fibers).  Describe if sampling was area sampling or personal sampling (if known)

.

Note...main text Section 4.1.3  refers to SEM and TEM...need to clarify the apparent discrepancy



Summary Statistics



As described earlier, the data used for exposure reconstruction was obtained from three sources: UC archived records (reported previously by Lockey et al.), information obtained by the EPA from the company, and from the DOJ documents.  Table F-1 shows that a total of 914 IH fiber measurements were available for this analysis.  Of this total, only 180 (19.6%) of the IH fiber measurements were available from the UC archived records.   The yearly number of samples collected was not uniform.  As shown in Table F-2, the first fiber count measurements were available in 1972 and the last in 1994.  About 26% of the samples were collected in 1978.  Focus group participants reported working in the summer.  Summer activities, however, involved fewer work hours and included cleanup and repair activities in addition to production.  Since less than 6% of the fiber samples were collected during the summer months, no seasonal trend analysis was possible.  



Table F1  Industrial hygiene fiber measurements by document source

(Update this table)



		Document source

		Trionize

		Background

		Total (%)



		DOJ

		38

		0

		38 (4.16)



		EPA

		398

		122

		520 (56.89)



		UC

		135

		45

		180(19.69)



		COMBINED

		172

		4

		176(19.26)



		Total (%)

		743 (81.29)

		171 (18.71)

		914











This document is a draft for review purposes only and does not constitute Agency policy.

	F2	DRAFT—DO NOT CITE OR QUOTE

Table F2.  Industrial hygiene fiber measurements by department and year

REPLACE WITH TABLE THAT GIVES COUNT STRATIFIED BY JOB, BOTH FOR TRIONIZING AND BACKGROUND....similar to tables in revised section prepared by EPA on arithmetic mean approach.



		Dept.

		1972

		1973

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1993

		1994

		Total
(Dept. %)



		Background

		3

		0

		2

		0

		10

		54

		2

		0

		12

		7

		3

		11

		5

		23

		13

		16

		0

		10

		171
(18.71)



		Trionize

		9

		40

		20

		115

		68

		183

		26

		23

		38

		24

		8

		27

		14

		52

		33

		31

		3

		29

		743
(81.29)



		Total 

		12

		40

		22

		115

		78

		237

		28

		23

		50

		31

		11

		38

		19

		75

		46

		47

		3

		39

		914



		(Year %)

		(1.31)

		(4.38)

		(2.41)

		(12.58)

		(8.53)

		(25.93)

		(3.06)

		(2.52)

		(5.47)

		(3.39)

		(1.20)

		(4.16)

		(2.08)

		(8.21)

		(5.03)

		(5.14)

		(0.33)

		(4.27)

		(100.00)







Dept. = department.





This document is a draft for review purposes only and does not constitute Agency policy.

	F-7	DRAFT—DO NOT CITE OR QUOTE



[bookmark: RANGE!A1:D18]Data Review and Assessment



INSERT:  evaluation and discussion of concentration vs sampling duration issue, and decision not to make any adjustments.

Other topics ??

Time trends?

Exclusion of outliers ?





DeRIVATION OF THE JOB EXPOSURE MATRIX



Insert revised text for old section F4 here.  This includes the original Section Fr 4 on the log-transformed approach, plus new text that describes EPA’s AM-based approach



Development of a cumulative human equivalent exposure concentration



Insert revised text for old section F5 here, using corrected equations for calculating CHEEC



Strengths and Limitations:

There are major strengths in this exposure reconstruction project:



1. Data were gathered from court records, federal sources and archived files, totaling over 3,000 pages.  These data were reviewed and both qualitative and quantitative data were abstracted to aid in this reconstruction.

2. Approximately five times more fiber measurements became available than had been used in the original studies. 

3. Two focus groups were conducted in 2010 with long term workers who provided input regarding exposure and production process changes.

4. There were sufficient data available to examine exposure intensity over time for jobs within the trionizing department as well as for other departments.  These data enhanced exposure estimates for all departments from 1972 to 1994.

5. IH data were available allowing for comparisons of fiber counts when 100% Libby or 100% South Carolina vermiculite was used in order to calculate a ratio of fibers in each.  

6. There were data available from archived records, Scott memos, and worker information that allowed for exposure estimates to be adjusted for type of vermiculite used from 1957 until 1971 when no IH data were available.

7. Worker report data were available that provided documentation for increased dustiness before IH data were available, compared with years when measurements were available. 

8. Based on past and current data gathered in the focus group, exposures were adjusted to account for seasonal work schedules by departments.

9. All decisions based on level of exposure by year were data driven.



The limitations for this project are also recognized:





1. The exposure metric used (fibers/cc) results from an analytical method that is a count of fibers (defined as any viewed elongated particle in excess of 5 µm in length and with a length to width ratio of 3:1) collected on a filter and viewed at 400x with light microscopy.  The composition of the fiber is not known.  Also, a fiber with diameter less than a limit of resolution of 0.2 µm cannot be viewed with this method.

2. It is unknown if other sampling results exist.  If any are found in the future, these can be incorporated into a future exposure assessment. 

3. Some dusty activities may not have been sampled or rarely sampled e.g., summer cleanup.  We have no way of estimating the effect of these activities on overall exposure estimates.  

4. We did not reduce exposure estimates due to possible use of respiratory protection.  Substantially more documentation regarding enforced usage, fit testing and cleaning/storage protocols would be needed for meaningful reduction in exposure estimates.  

5. By combining all individual trionizing job duties into one department exposure, the nonexpander trionizing exposure estimates may have been overestimated as there were more expander measurements, and these were somewhat higher than for other job duties.

6. From 1980 forward, Libby vermiculite was not used.  Thus for any individual year during this period, exposure from a qualitative and quantitative perspective does not reflect Libby Amphibole exposure.

7. Seasonal work schedule adjustments were based on recall of focus group participants and may over or under estimate true durations and location of additional work hours. 
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F6.1	General Strategy



A job exposure matrix (JEM) is a table that provides estimated exposure levels in air (f/cc) for workers in each job for each year.  The exposure interval of interest for the Marysville worker cohort begins in 1957 when vermiculite was first used in the plant, and extends to 2000 when vermiculite usage ended.



Industrial hygiene samples that provide data on fiber levels in workplace air were first collected in 1972, and air sampling at the plant continued intermittently through 1994.  Because measurements of fibers in the air are available only for the central portion (1972-1994) of the exposure interval of interest (1957-2000), the JEM was constructed in two steps:



Step 1:  Industrial hygiene data collected between 1972 and 1994 were utilized to derive estimates of yearly average concentrations by job during this interval.  Exposure levels in 1994 that were derived from industrial hygiene data were assumed to remain constant until 2000.



Step 2:  Information available from plant records and worker focus groups was used to estimate concentrations from 1957 to 1971 by extrapolation from 1972 values



Two alternative strategies were used to construct JEMs.  The first strategy, implemented by the University of Cincinnati, was based on the log-transformed data, and the exposure metric provided in the JEM was the geometric mean exposure concentration (Borton et al 2012).  The second approach, implemented by EPA working in consultation with the University of Cincinnati, utilized the un-transformed data, and the exposure metric provided in the JEM was the arithmetic mean exposure concentration.  The details of these two approaches are provided below.



F6.2	Derivation of a JEM Based on Log-Transformed Data



INSERT original UC section F4 here.

Presumably in its entirety, but editing may be done as UC sees fit.

Renumber heading, table and figures as needed



F6.3	Derivation of a JEM Based on Un-Transformed Data



The basic approach used by EPA for deriving a JEM based on the un-transformed data was generally similar to that used for the log-transformed data, with the following exceptions:



· Non-detects were assigned a value of zero rather than the detection limit (Cameron and Pravin 2007, Haas et al. 1999, EPA 1999, EPA 2008)

· The IH data were fit to mathematical models to characterize time trends, rather than using interpolation between “index years”

· Indoor trionizing jobs were modeled individually rather than combining into one data set

· Duplicate samples from the trionizing department not previously recognized were identified and removed



The details of this approach are described below.



F6.3.1	Fitting Available Industrial Hygiene Data from 1972-1994 



Trionizing Department Data



As noted previously, industrial hygiene data collected in the trionizing department between 1972 and 1994 were classified as being associated with nine different types of jobs (blender, cleanup, dryer, expander, feeder, mill, resin, track other, and track unload).  Table F6.1 provides summary statistics for these trionizing jobs.



[bookmark: _GoBack]Renumber all tables and figures as needed

Table F6.1  Summary Statistics for Trionizing Jobs

		Job

		1972-1975

		1976-1980

		1981-1984

		1985-1990

		1991-1994



		

		N

		Avg

		Max

		N

		Avg

		Max

		N

		Avg

		Max

		N

		Avg

		Max

		N

		Avg

		Max



		Blender

		0

		--

		--

		24

		0.18

		1.17

		3

		0.01

		0.02

		0

		--

		--

		0

		--

		--



		Cleanup

		1

		5.30

		5.30

		52

		0.75

		10.53

		3

		0.02

		0.05

		0

		--

		--

		0

		--

		--



		Dryer

		2

		1.15

		2.10

		6

		0.06

		0.18

		11

		0.05

		0.11

		27

		0.02

		0.09

		0

		--

		--



		Expander

		64

		5.72

		59.3

		157

		1.56

		48.0

		24

		0.06

		0.23

		23

		0.04

		0.09

		8

		0.06

		0.17



		Feeder

		0

		--

		--

		23

		5.96

		50.2

		5

		0.03

		0.10

		1

		0.01

		0.01

		3

		0.07

		0.10



		Mill

		0

		--

		--

		39

		0.62

		6.07

		13

		0.05

		0.10

		18

		0.04

		0.36

		7

		0.07

		0.20



		Resin

		0

		--

		--

		13

		0.07

		0.19

		12

		0.05

		0.17

		3

		0.01

		0.01

		0

		--

		--



		Track (other)

		0

		--

		--

		33

		0.12

		1.46

		18

		0.03

		0.13

		37

		0.06

		1.51

		14

		0.06

		0.22



		Track Unload

		2

		3.50

		5.20

		53

		17.2

		245.

		22

		9.05

		35.8

		7

		1.14

		2.09

		0

		--

		--







As indicated, mean exposure levels vary between jobs, and also tend to decrease over time.  Because there are insufficient data to calculate a reliable estimate of the arithmetic mean exposure level for each job for each year, the data for each job were fit to a mathematical model to characterize the rate of change over time.  Several different modeling approaches were evaluated, as described below.  



Fitting Method 1:  local regression (LOESS)



To investigate the form of the regression curve relating sample concentrations to date of sample, a flexible non-parametric fitting method was implemented by the SAS procedure PROC LOESS (SAS for Windows, Version 9.3).  This method was implemented by sequentially fitting quadratic functions of time to subsets of concentration values surrounding each observed concentration value, and then drawing a smooth curve through the fitted values.  Data points within these subsets were weighted by a decreasing function of their distance from the value being fitted.  A smoothing parameter determined the percent of fiber values included in each subset and was constant across all subsets. The optimum smoothing parameter was determined by a grid search, in order to identify the value that minimized the Akaike Information Criterion with Correction (AICC), a criteria for determining model fit.



However, the results were quite erratic with large variability (see Figure F6.1).  This variability was judged to be related to variations in the amount of data available over various time spans rather than to authentic variations in concentration.  On this basis, the LOESS approach was not pursued further. 



Fitting Method 2:  Exponential Models with Job-Specific Slopes



The second fitting method that was evaluated assumed a nonlinear regression model to describe the relationship between fiber concentrations and time. At time t, it was assumed that    



C(t)= μ(t) + et



where μ(t) = mean of C(t) at time t, and et is a normally distributed error term with mean 0.



A two parameter exponential function was assumed to characterize mean fiber concentration at time t:



μ(t) = a ∙ exp (-b ∙ t)	 a>0, b>0



The intercept parameter (a) and the slope parameter (b) were expressed in terms of exponentiated functions [a = exp(a0), b = exp(b0)] to guarantee that a, b, and μ(t) could only take on positive values.  Time t was coded as number of years from 1/1/1970 (an arbitrary frame of reference) to the date of sampling to facilitate model convergence.



When the data were grouped by job and by year, a plot of variance versus mean concentration revealed that variance between samples tended to increase as mean concentration increased.  Consequently, the variance of the error term was assumed to be non-constant and was modeled as a power function (θ) of the mean fiber concentration at time t, multiplied by a scale parameter σ2 which reflects the overall level of precision in C(t) (similar to σ2 in ordinary linear regression):



Var{C(t)}= σ2 . μ(t)θ  



The parameters in the regression model were estimated by iteratively reweighted least squares (IRWLS).  The parameter θ in the variance model was estimated by manual grid searches, where powers between 0.1 and 2 were tried.  Sensitivity analyses were performed in which θ was altered when the final model regression was determined.  The power of θ=1 allowed model convergence for all trionizing jobs.  After model parameters were estimated, σ2 was estimated by calculating the mean-squared error (MSE), equal to the weighted sum of squared deviations of observed minus mean concentrations, divided by the sample size minus number of parameters (=2 for this model). The weights were equal to the inverse of mean concentration to the power θ at each time.  Analyses were implemented using the SAS procedure PROC NLIN (SAS for Windows, Version 9.3).  



When each job was fit individually, most yielded reasonable fits (see Figure F6-2).  However, cleanup and blender yielded fits in which predicted concentrations for 1972-1973 were substantially higher than could be justified with known information about the manufacturing process.  These results were judged to be due mainly to the absence of data in the early time frame (1972-1973), and were considered to be unreliable.  On this basis, this approach (use of independent parameters for each job) was not pursued further.



Fitting Method 3:  Exponential Models with Common Slopes for Grouped Jobs



In order to avoid the unrealistic results generated when each job was allowed to have a separate slope term, a strategy of grouping jobs expected to show a similar rate of decline in airborne fiber levels was employed to obtain more reliable and realistic fits.  Based on the expectation that the rate of decline in average exposure level was likely to be similar for trionizing jobs in the same general area, the trionizing jobs were grouped into two categories: jobs located inside the trionizing building (indoor trionizing jobs) and jobs located in the railroad yard (outdoor trionizing jobs).  Indoor jobs included blender, cleanup, dryer, expander, feeder, mill, and resin, while outdoor jobs included track unload and track other.



For each group, the data were fit to the model, requiring the slope parameter (b) to be the same for all jobs within the same group.  Results are displayed in Figure F6-3.



Fitting Method 4:  Segmented Exponential Models



The fourth approach that was tested was similar to the third approach, except that the data were divided into two or three time segments, with different exponential curves fit to each segment.  This approach was based on the expectation that the rate of decline in average exposure levels in the trionizing department was related to the timing and effectiveness of various engineering controls.  As discussed previously (see Section xx), a number of different engineering controls were installed over time, with the largest decreases in dust level tending to occur in the 1976 to 1980 time frame.  After 1980, Libby vermiculite was no longer used, and exposure levels tended to be low and relatively constant.  Based on this, for indoor trionizing jobs, the data were fit using a three-segment approach, with the time segments being defines as follows:



	Segment 1:  Prior to 1/1/1976

	Segment 2:  1/1/1976 to 12/31/1980

	Segment 3:  1/1/1981 and after



As noted previously, it is not expected that engineering controls installed to reduce indoor exposures in the trionizing department would have significant impact on the outdoor exposure levels, so outdoor trionizing jobs (track other and track unload) were fit to a two-segment model, with the break point between segments occurring at 1/1/1981, when Libby vermiculite was no longer used.  Results are shown in Figure F6-4.

 

Selection of the Preferred Fitting Approach



In choosing between fitting Strategy 3 and fitting Strategy 4, two factors were considered:  statistical accuracy of the fitted model, and consistency with the general understanding of the impact of engineering controls.



The accuracy of the estimation model was determined by calculating the mean squared error (MSE), where MSE was calculated as the sum of the squared derivations between observed and predicted values (SSE) divided by n-p, where n is the number of data points and p is the number of model parameters.  For both indoor and outdoor jobs, the segmented approach was more accurate than the un-segmented approach (Strategy 3), as shown in table F6.2:



Table F6.2.  Fitting Statistics for Trionizing Jobs

		Data Set

		No. of Segments

		MSE



		Indoor

		1

		5.80



		trionizing

		3

		5.08



		Outdoor

		1

		33.6



		trionizing

		2

		31.5







In addition, a segmental approach was also used by the University of Cincinnati for fitting the log-transformed data, and this approach is consistent with the available information regarding the implementation and effectiveness of various dust control techniques in the trionizing department.  For these reasons, the segmented fits were selected for use in calculation of the arithmetic mean based JEM for trionizing jobs.  Model parameters and confidence intervals for the preferred models are shown in Table F6.3.



Table F6.3.  Best Fit Parameter Values for Trionizing Jobs

		Parameter

		Blender

		Cleanup

		Drier

		Expander

		Feeder

		Mill

		Resin

		Track Other

		Track Unload



		b0 (segment 1)

		5.693

		8.808

		2.563

		12.378

		53.640

		21.704

		5.779

		2.425

		240.615



		b0 (segment 2)

		434.1

		672

		195

		944

		4090

		1655

		441

		0.110

		10.952



		b0 (segment 3)

		0.017

		0.026

		0.007

		0.036

		0.156

		0.063

		0.017

		--

		--



		b1 (segment 1)

		0.202

		0.202

		0.202

		0.202

		0.202

		0.202

		0.202

		0.282

		0.282



		b2 (segment 2)

		0.925

		0.925

		0.925

		0.925

		0.925

		0.925

		0.925

		0.001

		0.001



		b3 (segment 3)

		0.00001

		0.00001

		0.00001

		0.00001

		0.00001

		0.00001

		0.00001

		--

		--







Calculation of Job-Weighted Average Exposure Within the Trionizing Department



As discussed previously (see Section xxx), workers in the trionizing department rotated between jobs, spending approximately equal amounts of time in each job during each work cycle, including equal time at each of the two dryer locations.  When working at the outdoor track job, about 25% of the time was spent at track unload, and 75% was spent at track (other).  Based on this, the following, job-weighting factors (JWFs) were computed:



Table F6.4  Job-Weighting Factors for Trionizing Department Workers

		Indoor

		Outdoor



		Blender

		Cleanup

		Dryer

		Expander

		Feeder

		Mill

		Resin

		Track Other

		Track Unload



		0.111

		0.111

		0.222

		0.111

		0.111

		0.111

		0.111

		0.083

		0.028







The job-weighted average exposure across all jobs (j) for each year (t) in the trionizing department was then calculated as:



Job-Weighted average (t) = 



where C(j,t) = exposure concentration while working at job “j” in year “t”.



Data for Other Departments (“Background”)



As discussed previously, industrial hygiene measurements in locations where only expanded vermiculite or no vermiculite was used were defined as having “plant background” exposure.  These included measurements in polyform, office, research, pilot plant, warehouse, and packaging.  In addition, this included central maintenance and plant maintenance activities in areas outside the trionizing department.  A total of 171 industrial hygiene samples were collected in these non-trionizing departments/jobs between 1972 and 1994.  Summary statistics for these samples are summarized in Table F6.5:



Table F6.5.  Summary Statistics for Industrial Hygiene Data (PCM f/cc) for Background Jobs

[image: ]



Of these samples, one (a value of 4.03 f/cc measured in the lab, indicated by shading in Table F6.5) was excluded as an outlier, since it was more than 10-fold higher than any other sample in the background data set.  After exclusion of this one sample, all other measurements of fiber in air from these departments tended to be relatively low, with little distinction among departments.  Therefore, data for all background jobs were combined and fit as a single data set.  



Both the non-segmented and two-segment exponential fitting strategies were tested for the background data set.  Of these, the two-segment exponential was selected as being most appropriate because the mean square error was lower than for the non-segmented model:



Table F6.6.  Fitting Statistics for Background Jobs

		Data Set

		No. of Segments

		MSE



		Background

		1

		0.020



		

		2

		0.018







Figure F6-5 shows the two-segment exponential fit for the background data set.



F6.3.2	Estimation of Exposure Levels from 1957 to 1971 



Extrapolation of model-predicted exposure concentrations in 1972 backwards in time to earlier years was performed as described previously (see Section F6.2.x).  In brief, the extrapolation was based on a consideration of relative dust levels as well as the relative amounts of vermiculite from Libby or South Carolina, and the relative asbestos content of these types of vermiculite.  The basic equation used for extrapolation is as follows:





where:



	Cy = 	Extrapolated concentration of fiber in year y

C1972 = Estimated concentration of fiber in 1972

Dust ratio = estimated ratio of vermiculite dust in air in year y compared to 1972

FL = 	Fraction of vermiculite derived from Libby in year y

FSC = 	Fraction of vermiculite derived from South Carolina in year y

k =	Estimated relative concentration of fiber in South Carolina vermiculite compared to Libby vermiculite



As discussed previously, for the indoor trionizing jobs, the dust ratio in 1967 was assumed to be twice as high as in 1972, decreasing linearly over this time window.  For all background and track jobs, the dust ratio was assumed to be 1:1.  Data on the relative amounts of vermiculite from Libby and South Carolina were derived from company records (see Table F6-x, above), and the relative asbestos content of Libby vermiculite to South Carolina vermiculite was estimated to be 10:1.  Based on these values and estimates, extrapolation factors were calculated as summarized in Table F6.7:



Table F6.7  Extrapolation Factors for 1957-1972

[image: ]



F6.3.3	JEM Based on Untransformed Data 



As described above, IH measurements from the plant were used to estimate yearly arithmetic mean exposure levels in the trionizing department and in all other departments (background) from 1957 to 2000.  Table F6.8 provides the job-exposure matrix developed using this methodology.




Table F6.8  JEM Based on Arithmetic Mean Values

		Year

		Trionizing (a)

		Plant Maint. (b)

		Central Maint. (c)

		Background (d)



		

		

		

		

		



		1957

		1.858

		0.941

		0.207

		0.024



		1958

		1.858

		0.941

		0.207

		0.024



		1959

		7.209

		3.650

		0.803

		0.092



		1960

		7.209

		3.650

		0.803

		0.092



		1961

		7.209

		3.650

		0.803

		0.092



		1962

		7.209

		3.650

		0.803

		0.092



		1963

		7.209

		3.650

		0.803

		0.092



		1964

		11.390

		5.767

		1.269

		0.145



		1965

		14.065

		7.122

		1.567

		0.179



		1966

		17.243

		8.731

		1.921

		0.219



		1967

		16.406

		8.307

		1.828

		0.208



		1968

		13.838

		7.015

		1.556

		0.191



		1969

		13.028

		6.613

		1.481

		0.198



		1970

		12.767

		6.491

		1.470

		0.215



		1971

		11.950

		6.088

		1.398

		0.225



		1972

		10.996

		5.616

		1.312

		0.236



		1973

		8.719

		4.447

		1.029

		0.175



		1974

		6.963

		3.547

		0.813

		0.130



		1975

		5.568

		2.832

		0.644

		0.097



		1976

		3.538

		1.805

		0.419

		0.073



		1977

		1.788

		0.921

		0.227

		0.054



		1978

		1.006

		0.523

		0.137

		0.040



		1979

		0.623

		0.326

		0.089

		0.030



		1980

		0.418

		0.220

		0.062

		0.022



		1981

		0.344

		0.182

		0.052

		0.019



		1982

		0.344

		0.181

		0.051

		0.019



		1983

		0.343

		0.181

		      -- (e)

		0.019



		1984

		0.345

		0.182

		--

		0.018



		1985

		0.343

		0.180

		--

		0.018



		1986

		0.342

		0.180

		--

		0.018



		1987

		0.342

		0.180

		--

		0.018



		1988

		0.344

		0.181

		--

		0.017



		1989

		0.342

		0.179

		--

		0.017



		1990

		0.341

		0.179

		--

		0.017



		1991

		0.341

		0.179

		--

		0.017



		1992

		0.343

		0.180

		--

		0.017



		1993

		0.340

		0.178

		--

		0.016



		1994

		0.340

		0.178

		--

		0.016



		1995-2000

		0.340

		0.178

		--

		0.016



		

		

		

		

		



		(a) Job-weighted average

(b) Plant maintenance workers were assumed to be exposed 50% of the time in the trionizing department and 50% of the time in background locations.

(c) Central maintenance workers were assumed to be exposed 10% of the time in the trionizing department and 90% of the time in background locations

(d) Bkg. includes pilot plant, research, polyform, office, packaging, warehouse



		(e)  Beginning in 1983, central maintenance was outsourced

		









F6.4	Selection of the Preferred JEM



In occupational epidemiology and industrial health studies, evaluations of worker exposure are often based on estimates of the geometric mean exposure concentration (Seixas 1988).  However, EPA traditionally employs the arithmetic mean exposure level in computing exposure and risk (add references), and toxicity values employed by EPA in risk quantification are based on arithmetic mean exposures.  For this reason, EPA determined that the JEM based on un-transformed data (as described in Section F6.3) is the most appropriate for use in calculating cumulative worker exposure, as described in the following section, and for use in deriving the RfC.
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F7. Development of a cumulative human equivalent exposure concentration  

F7.1	Overview

In most occupational studies of worker exposure to asbestos, cumulative exposure is expressed in units of f/cc-yrs, which is calculated as the product of average exposure concentration at work (f/cc) and the number of years at work.  Implicit in this calculation is the understanding that workers work 8 hours per day and 5 days per week.  To convert the cumulative exposure value for a worker to one that is applicable to an individual with continuous exposure, and to account for differences in breathing rate (10 m3 per 8 hr workday = 1.25 m3/hr in the occupational setting vs 20 m3/day = 0.8333 m3/hr in the non-workplace setting), the occupational cumulative exposure value is usually adjusted (multiplied) by the following factor (US EPA 1994, IRIS 2012):





In the case of the Marysville cohort, a more complex adjustment is needed to convert from workplace exposure to continuous exposure because employees at the Marysville plant often worked extended work schedules, both in terms of hours per day and days per week, and these schedules depended on the time of year (season), due to seasonal variations in product demand.

F7.2	Seasonal schedule adjustment factors 

Based on an understanding of plant operations, six departments were identified that had a unique set of season-specific exposure parameters (hrs/day, days per season):

1. Trionizing (including track and track unload)

2. Plant maintenance

3. Central maintenance

4. Polyform

5. Background (office, research, pilot plant)

6. Background with extra time (warehouse, packaging)

For each worker, the date of any job change between these six departments was adjusted so the change occurred at the starting month for the nearest season. 

For each of these departments, a seasonal adjustment factor was calculated using the following general equation:

	


where:

	ETd,i = exposure time (hrs/day) in department “d” during season “i”

EDd,i = Number of days worked in department “d” during season “i”

Ni = Number of days in season “i”

Department-specific and season-specific values of ET, ED and N are provided below, along with the corresponding seasonal adjustment factors.



Trionizing, plant maintenance, polyform, warehouse, and packaging

Spring  

Season = January 1 to May 31

N = 151.25 days (includes 0.25 days to account for leap years)

Work schedule = 7 days/week, 12 hrs/day, with New Years’ Day off

ED = 151.25 – 1 = 150.25

ET = 12 hrs/day

Seasonal adj. factor = (1.25 / 0.8333) * [12/24 * 150.25/151.25] = 0.7450

Summer

Season = June 1 to August 31

N = 92 days

Work schedule = 5 days/week, 8 hrs/day, with 2 week summer vacation

ED =  92 * 5/7 - 10 = 55.71 days

ET = 8 hours/day

Seasonal adj, factor = (1.25 / 0.8333) * [8/24 * 55.71/92] = 0.3028

Fall

Season = September 1 to December 31

N = 122 days

Work schedule = 5 days/week, 12 hrs/day plus 2 days/week, 8 hrs/day, with Christmas Day off

ED1 = 121 days * 5/7 = 86.43 days

ET1 = 12 hours/day

ED2 = 121 * 2/7 = 34.57 days

ET2 = 8 hours/day

Seasonal adj. factor = (1.25 / 0.8333) * [12/24*86.43 + 8/24*34.57]/122 = 0.6730



Office, pilot plant, research, and central maintenance 

Spring

Season = January 1 to May 31

N = 151.25

Work schedule = 5 days/week, 8 hrs/day, with New Years’ Day off

ED = 150.25 days * 5/7 = 107.32 days

ET = 8 hours/day

Seasonal adj. factor = (1.25 / 0.8333) * [8/24 * 107.32/151.25] = 0.3548

Summer

Season = June 1 to August 31

N = 92 days

Work schedule = 5 days/week, 8 hrs/day, with 2 week summer vacation

ED = (92 -14) * 5/7 = 55.71 days

ET = 8 hours/day

Seasonal adj. factor = (1.25 / 0.8333) * [8/24 * 55.71/92] = 0.3028

Fall

Season = September 1 to December 31

N = 122 days

Work schedule = 5 days/week, 8 hrs/day, with Christmas Day off

ED = (122 – 1) * 5/7 = 86.43

ET1 = 8 hours/day

Season adj. factor = (1.25 / 0.8333) * [8/24 * 86.43/122] = 0.3542



F7.3 	Calculation of cumulative human equivalent exposure concentration

Given the department-specific seasonal adjustment factors, the cumulative human equivalent exposure concentration (CHEEC) for each worker is calculated as follows:



where Cd,i is the concentration of fibers in air in department “d” where the worker worked during season “i”, and the sum is calculated across each season that the worker is exposed. 

[bookmark: _GoBack]F7.4 	Verification of the Calculations

To verify the accuracy of the CHEEC calculations, several quality control checks were conducted.  The distribution was evaluated by reviewing the mean, median, standard deviation, highest 10 values, and lowest 10 values.  Several workers were also randomly selected and their values hand-calculated to ensure all programming was appropriate. 
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